Genipin enhances Mrp2 (Abcc2)-mediated bile formation and organic anion transport in rat liver.
Inchin-ko-to (ICKT), an herbal medicine, and its ingredients exert potent choleretic effects by a "bile acid-independent" mechanism. The current study was designed to determine whether ICKT or its ingredients potentiate multidrug resistance-associated protein 2 (Mrp2; Abcc2)-mediated choleresis in vivo. Biliary secretion of Mrp2 substrates and the protein mass, subcellular localization, and messenger RNA (mRNA) level of Mrp2 were assessed in rat liver after infusion of genipin, an intestinal bacterial metabolite of geniposide, a major ingredient of ICKT. The function of Mrp2 was also assessed by the adenosine triphosphate (ATP)-dependent uptake of Mrp2-specific substrates using canalicular membrane vesicles (CMVs) from the liver. Infusion of genipin increased bile flow by 230%. It also increased biliary secretion of bilirubin conjugates and reduced glutathione (GSH) by 513% and 336%, respectively, but did not increase bile acid secretion. The ATP-dependent uptake of estradiol 17-beta-D-glucuronide (E(2)17 beta G; by 265%), leukotriene C4 (LTC(4); by 161%), taurolithocholate-3-sulfate (TLC-3S; by 266%), and methotrexate (MTX; by 234%) was significantly stimulated in the CMVs from the liver. These effects were not observed in Mrp2-deficient rats. Under these conditions, genipin treatment increased the protein mass of Mrp2 in the CMVs but not the mRNA level. In immunoelectron microscopic studies, a marked increase in Mrp2 density in the canalicular membrane (CM) and microvilli was observed in the genipin-treated liver tissue sections when compared with the vehicle-treated liver tissue sections. In conclusion, genipin may enhance the bile acid-independent secretory capacity of hepatocytes, mainly by stimulation of exocytosis and insertion of Mrp2 in the bile canaliculi. ICKT may be a potent therapeutic agent for a number of cholestatic liver diseases.